A biometrical analysis of C-banded and Feulgen stained somatic metaphases of maize stocks with different knob constitutions has shown that large bands alter arm lengths of mitotic chromosomes. A representative diagram of the knobless maize somatic karyotype and of a high knobbed stock are presented.
INTRODUCTION
The identification of maize chromosomes according to their relative length, centromere position, knobs and prominent chromomeres, determined from pachytene studies (Rhoades, 1950; Neuffer eta!., 1968; McClintock, 1978 ) is now well standardised and generally accepted. Chen (1969) and Filion and Walden (1973) , showed that maize somatic chromosomes can be identified according to their relative length and arm ratio in Feulgen stained metaphases.
C-banded somatic metaphases have revealed the presence of distal bands, that correspond with knobs (Vosa and Aguiar, 1972; Hadlaczky and Kálmán, 1975; Sachan and Tanaka, 1977; Ward, 1980; Aguiar-Perecin, in press ), but no diagrammatic representation of the band positions on the chromosomes has ever been made.
In the present study, a biometrical analysis of C-banded karyotypes of maize stocks with different knob constitutions has shown that large bands alter arm lengths of mitotic chromosomes. A representative diagram of a highly knobbed stock and of a knobless one are presented.
MATERIALS AND METHODS
Inbred stocks of which C-banded karyotypes have been previously described (Aguiar-Perecin, in press) and derived from populations of the Brazilian Ceremonial maize (Avati-Moroti racial group, according to Brieger et aL, 1958) and the Mexican race Zapalote Chico were used (table 1) . Measurements of the chromosome arm lengths and the relative positions of C-bands were made in micrographs taken from C-banded and Feulgen stained metaphases. Generally, the C-banding procedure previously described by Aguiar-Perecin (in press) was used. Feulgen staining was performed according to Chen (1969) , with some modifications, as follows. Excised root tips from germinating seedlings were pretreated, in 8-hydroxyquinoline, for 2 hours. After fixation in alcohol-acetic acid (3: 1), they were kept in 70 per cent alcohol at 5°C. Feulgen staining was made as follows: hydrolysis in iN HC1 at 60°C for 8 minutes, washing in distilled water, staining in leuco-basic fuchsin for 45 minutes, and washing in tap water for For the diagrammatic representation of each chromosome of the complement, homologous pairs with and without bands were compared through a 1-test, with suitable modifications. The 1-test procedure was based on a previous comparison between sample variances (according to Steel and Tone, 1960) . As Feulgen stained metaphases permitted more accurate measurements of chromosome arms, only these values have been used in the present statistical analysis. RESULTS 
AND DISCUSSION
The analysis of the somatic karyotypes of the stocks used in the present study, has made possible the diagrammatic representation of maize karyotype without bands and of a karyotype showing bands corresponding to large and medium size knobs in almost all the positions known to occur in maize.
In the three stocks analysed, the chromosomes could be easily identified according to their relative length and arm ratio both in Feulgen and C-banded metaphases. Figs. 1 and 2 show the C-banded karyotypes of stock 18 of Zapalote Chico and of the hybrid 18 x371A-4 respectively. In the latter karyotype it may be observed that bands corresponding to large and medium sized knobs alter the length of chromosome arms of the Zapalote Chico stock, as compared with the respective chromosomes from Ceremonial maize, which has bands only in the long arms of chromosomes 2 and 7.
No differences in the absolute length of chromosome 10 of both stocks have been found (table 2) . Thus, this chromosome could be taken as "standard" for generating chromosome indices. Table 3 shows the values of chromosome relative lengths, expressed as a percentage of the length of chromosome 10, calculated on 22 metaphases (from 5 plants of stock 18) and 18 metaphases (from 7 plants) of stock 371A-4 of Ceremonial maize. In stock 371A-4, length differences between the homologous chromosomes of pair no. 2, which is heterozygous for a knob in the long arm, could be detected, so that the two types of chromosomes are duly recorded in table 3. On the other hand, no differences were found between the chromosomes of pair no. 7 which is heterozygous for a small knob at 7L.
The statistical comparison of these chromosome indices showed differences which are significant, at the 1 per cent level of probability between homologous chromosomes of Zapalote Chico and of Ceremonial maize. This finding (Chen, 1969; Filion and Walden, 1973) . However, the statistical comparison of the total complement length expressed in arbitrary units of the two stocks, analysed in the present study, revealed differences at the level of I per cent of probability. This finding demonstrates that the calculation of chromosome relative lengths, as a percentage of the haploid set, would not be a system suitable for the present work for comparing homologous heteromorphic chromosomes (table 4). fig. 3 . Band widths have been estimated from differences between heteromorphic homolqgous arms. As can be seen in this idiogram, bands corresponding to knobs observed at pachytene, most of them interstitial, appear to be subtertninal or even terminal in somatic chromosomes due to their degree of contraction. In some cases and depending on the degree of condensation of metaphase chromosomes, the identification of some bands as terminal or subterminal may be rather difficult. This is the case of the short arm of chromosomes I and 2, in which the slightly subterminal appearance of the bands in their short arms can be better seen under the microscope in less condensed metaphases. Furthermore, the knob at 3S, which is clearly subterminal at pachytene, appears as terminal in somatic metaphases.
Further, it is also clear that there is a good correlation between band width and the degree of alteration of the length of a chromosome arm. The results presented in table 6 show significant differences between the homologous elements of pair 3a l9l" * Significant at the 1 per cent level. n = Number of metaphases analysed.
no. 2 of stock 371A-4, which is heterozygous for a large knob at 2L. Conversely, no significant differences were found between chromosomes of pairs no. 6 and 8 whether with or without bands corresponding to stocks 12 and 37lA-4 respectively. It should be emphasised that the knobs at 6L and 8L are small. The present data are consistent with evidence from the literature that heterochromatic blocks stained by C-banding methods may represent additional material in the chromosomes (see Bennett et aL, 1977; see also Flavell, 1980) .
A good example of chromosome polymorphism involving additional material is that provided by the human Y chromosome which has shown variability of its long arm among racial groups (Cohen et a!., 1966) , which is due to differences in the length of the distal heterochromatic segment, as visualised through quinacrine fluorescence (Bobrow et aL, 1971) and Giemsa staining (Arrighi and Hsu, 1971) .
In plants, many instances of polymorphism for telomeric and interstitial bands have been found in some genera. Correlations between the presence of large segments of heterochromatin and the increased length of chromosome arms, have been found in some investigations, as in species of the genus Secale (Bennett et al., 1977) . Although a larger DNA content does not correspond to a larger amount of heterochromatin, Bennett et aL (1977) observed a positive relationship between the proportion of the complement represented by terminal heterochromatin and the 4C nuclear DNA content in some species of Secale. This provides the evidence in support of the notion that the increase in 4C nuclear DNA content in species of Secale has involved a large increase in the amount of telomeric heterochromatin. Controversially, a comparison of the total lengths of the haploid complement with the 4C DNA amount for nine Secale taxa, showed no significant relationship. However, this finding has been interpreted in the light of some evidence that metaphase chromosome volume can vary, according to the metabolic activity of the cell or to various environmental factors.
In this context, it is interesting to emphasize the positive relationship that we have found between the values of the diploid complement length, measured in Feulgen stained metaphases and the frequency of knobs, in the maize stocks analysed in this study. Further, the use of a chromosome index expressed as a percentage of chromosome 10, has made possible the clear demonstration that the morphology of maize somatic chromosomes can be drastically modified according to the band patterns. Very few references have been found in the literature, with respect to polymorphism of maize somatic chromosomes. Filion and Walden (1973) mentioned that variations of arm ratios could be observed in metaphase chromosomes of different maize stocks, but no evidence was shown of correlation between arm lengths and band widths. The C-banded chromosome diagram presented in fig. 3(a) , although representative only of the stock of Zapalote Chico used in this study, can be considered illustrative of band positions in maize somatic chromosomes and may be useful in the future standardization of maize somatic cytogenetics.
